The large values of the singlet and triplet scattering lengths locate the two-nucleon system close to the unitary limit, the limit in which these two values diverge. As a consequence, the system shows a continuous scale invariance which strongly constrains the values of the observables, a well-known fact already noticed a long time ago. The three-nucleon system shows a discrete scale invariance that can be observed by correlations of the triton binding energy with other observables as the doublet nucleon-deuteron scattering length or the alpha-particle binding energy. The low-energy dynamics of these systems is universal; it does not depend on the details of the particular way in which the nucleons interact. Instead, it depends on a few control parameters, the large values of the scattering lengths and the triton binding energy. Using a potential model with variable strength set to give values to the control parameters, we study the spectrum of A = 2, 3, 4, 6 nuclei in the region between the unitary limit and their physical values. In particular, we analyze how the binding energies emerge from the unitary limit forming the observed levels.
I. INTRODUCTION
In a non-relativistic theory where one allows for a tunable potential (or other parameters like the mass m of the particles), we refer to the unitary window as to the range of those parameters for which the scattering(s) length(s) a attains a value close to infinity (the unitary limit). This is a relevant limit because the physics becomes universal [1] and a common description can be used for totally different systems, ranging from nuclear physics up to atomic physics or down in scale to hadronic systems. For instance, in the two-body sector there is the appearance of a shallow (real or virtual) bound state whose energy is governed by the scattering length, E 2 = − 2 /ma 2 . This state is shallow if compared with the energy related to the typical interaction length , defined as − 2 /m 2 , and in the limit a/ → ∞, where it becomes resonant. This limit can be understood either as the scattering length going to infinity or as the range of the interaction going to zero; in the last case one talks of zero-range limit or scaling limit.
In the scaling limit, the two-body sector displays continuous scale invariance due to the fact that the only dimensionful parameter is the scattering length. As soon as we change the number of particles, the above symmetry is dynamically broken to a discrete scale invariance (DSI); for example, for three equal bosons at the unitary limit, an infinite tower of bound states appears -the Efimov effect [2, 3] -related by a discrete scale transformation r → exp(π/s 0 ) r ≈ 22.7 r, with the scaling factor s 0 = 1.0062 . . . a universal transcendental number that does not depend on the actual physical system. The anomalous breaking of the symmetry gives rise to an emergent scale at the three-body level which is usually referred to as the three-body parameter κ * , giving the binding energy 2 κ 2 * /m of a reference state of the above tower of states.
The fine tuning of the parameters that brings a systems inside the unitary window can be realized either artificially, like it has been the case in the field of cold atoms with Feshbach resonances [4] , or can be provided by nature, as in the case of atomic 4 He, where the 4 He 2 molecule has a binding energy of several order smaller than the typical interaction energy [5] . Nuclear physics is another example of tuned-by-nature system; the binding energy of the deuteron, B d = 2.22456 MeV is much smaller then the typical-nuclear energy 2 /m 2 ≈ 20 MeV , considering that the interaction length is given by the inverse of the pion mass m π , ∼ 1/m π ≈ 1.4 fm. The fact that nuclear physics resides inside such a window has been used in the pioneering works of the thirties where the binding energies of light nuclei have been calculated using either boundary conditions [6, 7] or pseudopotentials [8] .
Nuclear physics is the low energy aspect of the strong interaction, namely Quantum Chromo Dynamics (QCD); in this limit, QCD is a strong interacting quantum field theory and only non-perturbative approaches could be used to describe the spectrum of nuclear physics. Such non-perturbative approaches start to appear, one example being Lattice QCD (LQCD); however, a complete calculation of nuclear properties seems at present not yet feasible using these techniques. Historically, the description of light nuclear systems were based on potential models constructed to reproduce a selected number of observables; first attempts have been based on the expansion of the potential on the most general operator basis compatible with the symmetries observed in the spectrum. Lately, it has been realized that a potential could be constructed starting from the symmetries of QCD in an Effective Field Theory (EFT) approach. One of the important symmetry of QCD in the limit of zero-mass light quarks is the Chiral Symmetry; this symmetry is indeed spontaneous broken and its Goldstone boson is the π-meson. The mass of the pion m π is not really zero because of the soft breaking term introduced by the explicit mass of the quarks up and down, but still is much lower than the typical hadronic masses. The chi-ral limit is not the only interesting limit in QCD; the actual mass of the pion is probably close to a value for which the nucleon-nucleon scattering lengths diverge [9] ; in fact, one can study the variation of the 1 S 0 (singlet) a 0 and 3 S 1 (triplet) a 1 scattering lengths as a function of the masses of the up and down quarks, or equivalently of m π which is related to the quark mass by the GellMann-Oakes-Renner relation. It has been shown that for m π ≈ 200 MeV both scattering lengths go to infinity [10, 11] . At the physical point, m π ≈ 138 MeV, the values of the two scattering lengths, a 0 ≈ −23.7 fm and a 1 ≈ 5.4 fm, are still (much) larger than the typical interaction length ≈ 1.4 fm; this is a further indication that nuclear physics is close to the unitary limit and well inside the universal window.
A model-independent description of the physics inside the unitary window is given by an EFT based on the clear separation of scales between the typical momenta Q ∼ 1/a of the system and the underling high momentum scale ∼ 1/ [12] [13] [14] . Using EFT, if the powercounting is correct [15] , one can systematically improve the prediction on observables. For instance, in the twobody sector the usual effective range expansion (ERE) can be reproduced by such an expansion [12] ; the leading order (LO), which is just a two-body contact interaction, captures all the information encoded in the scattering length a, while the next-to-the-leading order term (NLO), which contains derivatives, captures the information encoded in the effective range r e . Starting from the three-body sector, a LO three-body interaction is necessary [13, 14, 16] which introduces the emergent threebody scale.
It is possible to investigate the universal window by using potential models; this approach allows to follow the behaviour of two-and three-particle binding energies inside the window of universality. Also a higher number of particles can be considered as in Refs. [17] [18] [19] where it has been shown that the use of a simple Gaussian potential gives a good description of bosonic systems like Helium droplets in this regime.
In this paper we want to explore the window of universality for nucleons, that means for fermions with 1/2 spin and isospin degrees of freedom; the idea is to follow, as a function of the interaction range, the states which represent light nuclei in the region of universality and to observe which part of the nuclear spectrum is in fact governed by universality. The major difference with respect the bosonic case is the presence of two scattering lengths. There has been previous studies of the Efimov physics with two scattering lengths [11, [20] [21] [22] [23] [24] [25] , and there are different ways to explore the space of parameters; one possible choice is to keep constant the ration between the scattering lengths a 0 /a 1 , selecting some cuts for in that space. Accordingly, we explore the nuclear cut, that means a 0 /a 1 ≈ −4.3, moving from the unitary point, a 0 , a 1 → ∞, to the physical point; at a more fundamental level, this is equivalent to change the mass of the pion m π ( or the sum of up and quark masses in QCD), as it was shown in Refs. [10, 26] . Interestingly, we observe that, at unitary, in addition to the A = 5 gap we observe a A = 6 gap.
The paper is organized at follows. In Section II we will show how the spectrum of A = 2, 3, 4, 6 nucleons representing light nuclei depend on the scattering lengths when we change them from the unitary limit to the their real value, and we discuss what are the aspects of the universality of Efimov physics that still remain. In Section III we concentrate our study at the physical point, where a three-body force, as well as the Coulomb interaction, are introduced. In Section IV we investigate the possible rôle of p-waves in the binding of A = 6 nuclei. Finally, in Section V we give our conclusions.
II. 1/2 SPIN-ISOSPIN ENERGY LEVELS CLOSE TO UNITARY
In this section, we describe the discrete spectrum of spin 1/2-isospin 1/2 particles from the unitary limit to the point where nuclear physics is located, the physical point, defined as the point in which the scattering lengths take their observed values. To this end we construct the Efimov plot, a plot in the plane (K, 1/a) defined by the energy momentum K of the bound state with energy 2 K 2 /m, as a function of the inverse of the two-body scattering length a. In the case of two nucleons there are two different scattering lengths, a 0 and a 1 , in spinisospin channels with S, T = 0, 1 and S, T = 1, 0 respectively. Accordingly, following Refs. [21, 22] , the plane is defined with the triplet scattering length (K, 1/a 1 ), taking care that for each value of a 1 , a 0 is varied accordingly maintaining the ratio a 0 /a 1 constant. In Refs. [21, 22] , the main characteristic of the Efimov plot for three 1/2 spin-isospin particles have been studied. In particular it was shown that for the ratio a 0 /a 1 ≈ −4.3, corresponding to the nuclear physics case, the infinite tower of states at unitary disappear very fast as a 1 decreases and, at a 1 < 20 fm, only one state survives. This simple analysis explains the existence of only one bound state for 3 H and 3 He. Conversely, in the case of three identical bosons, calculations using finite-range potentials have shown that the first excited state survive along the unitary window.
A. The potential model
In order to explore the unitary window through the Efimov plot, we calculate the binding energies of A nucleons for different values of the two-body scattering lengths. In the case of a zero-range interaction the A = 2 energy of the real (virtual) state for a > 0 (a < 0) is simply E 2 = − 2 /ma 2 . For three particles, and using a zero-range interaction, the binding energies can be obtained by solving the Faddeev zero-range equations encoded in the Skorniakov-Tern-Martirosian equations (see Ref. [1] and references there in for details). It is well known that the contact interaction can be represented by different functional forms introducing finite-range effects. In particular, as it has been shown in Ref. [27] , inside the unitary window a Gaussian potential captures the main characteristics of the dynamics, confirming the universal behavior of the system in this particular region. Considering that, for two nucleons, there are four different spin-isospin channels with quantum numbers ST = 01, 10, 00, 11, we define the following spin-isospin dependent potential of a Gaussian type
where we have introduced the spin-isospin P ST projectors. The minimal requirement to construct a fully antisymmetric two-body wave function with the lowest value of the angular momentum L is to consider the spinisospin channels S = 0, T = 1 and S = 1, T = 0. Therefore, in this first analysis, the other two components of the potential are set to zero: V 00 = V 11 = 0. In each of the two remaining terms there are two parameters, the strength of the Gaussian and its range; we fix both ranges to be the same r 10 = r 01 = r 0 = 1.65 fm, and of the order of the nuclear range. With this choice an acceptable description of the two-body low-energy data is obtained (a refinement of the model will be discussed in the next section). [28] basis in its unsymmetrized version [29] [30] [31] . We have used this approach mainly for A = 3, 4 since it is very accurate for states far from thresholds. Close to a threshold, as for A = 6 or for excited stated in A = 3, 4, the dimension of the basis tends to become too big to have a good precision. To overcome this problem we implemented a version of the stochastic variational method (SVM) [32] with correlated-Gaussian functions as basis set; this method allows for a more economical description of the excited states close to the threshold.
By giving values to V 10 and V 01 , the values of the scattering lengths vary along the nuclear cut defined from the ratio a 0 /a 1 = −4.3066. Along this path we have calculated the binding energies of A = 2, 3, 4, 6 nucleon systems. The calculations, for selected values of the potential strengths, are reported in Table I in the case of positive triplet-scattering length values, for which a twobody bound state in the 3 S 1 channel exists. The calculations cover a region between the unitary point, for which both scattering lengths attain an infinite value, and the physical point, for which the value of the twobody state is E 2 = −2.2255 MeV (the experimental binding energy of the deuteron is 2.224575 (9) (1) in all cases the lowest state corresponds to total orbital angular momentum L = 0. Moreover, in this first analysis the Coulomb interaction between protons were disregarded, so the isospin is conserved. In the three-body sector, the quantum numbers of 3 H and of 3 He are S = 1/2 and T = 1/2. In this exploration we disregarded other charge-symmetry breaking terms, accordingly the two nuclei have the same energy. We refer to their ground-state energy as E 3 and to their excited-state energy as E * 3 . The total wave function is antisymmetric with the spatial wave function mostly symmetric. We would like to stress a big difference between the bosonic and the nuclear cut already mentioned above: in the bosonic case the first excited state never disappears into the particle-dimer continuum whereas, in the nuclear case, the excited state disappear in the continuum and it becomes a virtual state already at a large value of a 1 (a 1 ≈ 20 fm). The motivation is the following: at unitary, since we are using the same range for both gaussians, the system is equivalent to a bosonic system and an infinite set of excited states appears showing the Efimov effect (in Table I only the first one is reported). Moreover, the system is completely symmetric, no other symmetry is present. As the strength of the potentials starts to vary, keeping the ratio a 0 /a 1 constant, the three-body wave function develops a spatial mixed symmetry component making the energy gain slower than in the bosonic case. The two-body system is not affected by the singlet potential (which is smaller) and its energy gain is the same as in the bosonic case; as a consequence the first excited state crosses the particle-dimer continuum becoming a virtual state.
From the results reported in Table I we also observe that the three-body binding energy at the physical point is much larger than the experimental value of -8.48 MeV; this is a well known fact related to the necessity of including a three-body force, a point we discuss in the next section. In Fig. 1 we show the Efimov plot up to four particles; we clearly see the three-body excited state disappearing in the continuum. We also observe the usual feature of two four-body states attached to the threebody ground state. The four body calculations are done for the same quantum numbers as 4 He, that means S = 0 and T = 0, thus the two states have mostly a symmetric spatial wave function. The ratio between the ground state energy of the four-body state and the ground state of the three-body state E 4 /E 3 is not constant along the path, but it varies from E 4 /E 3 = 5.89 at the unitary point to E 4 /E 3 = 3.89 at the physical point, close to the realistic case of 3.67. As far as the excited stated of TABLE I. Calculations belonging to the nuclear cut, a0/a1 = −4.3066 for selected values of the strengths V01 and V10. The ground-state energy EA and, if it exists, the excited-state energy E * A of the A-particle system are reported. In the A = 6 case we distinguish between the total isospin T = 1 and total spin S = 0 case, 6 He, and the T = 0, S = 1 case, 6 Li. The Coulomb interaction is not taken into account. the four-body system is concerned, the ratio between its energy and that of the three-body state is more or less constant along the path E * 4 /E 3 = 1.09 − 1.1; the finiterange corrections result in a bigger value of this ratio with respect to the zero-range limit [33] .
B. Universal behavior
To analyse the universal behavior of the few-nucleon systems we start recalling the Efimov radial law for three equal bosons [1] 
where, due to its zero-range character,
and the three-body binding energy of level n * at unitary is 2 /mκ 2 * . The function ∆(ξ) is universal in the sense that it is the same for all the energy levels. It can be calculated solving the STM equations as explained for example in Ref. [1] , and its expression can be given in a parametric form [34] . To be noticed that the spectrum given by the above equation is not bounded from below. For a real three-boson system located close to the unitary limit and interacting through short-range forces with a typical length , the discrete spectrum is bounded from below with the number of levels roughly approximate by (s 0 /π) ln(|a|/ ).
The extension of Eqs. (2) to describe finite-range interactions, considering more particles and eventually spinisospin degrees of freedom, is given in a series of papers, Refs. [18, 21, 22, 35, 36] , and it reads
where for three particles, E m 3 , m = 0, 1, . . ., is the energy of the different branches; in Fig. 1 [34] , where it is related to the running three-body parameter introduced in Ref. [37] . Eq. (3b) can also be written as
where the shift Γ m A is absorbed in the level function ∆ m A (ξ); in the present work it is calculated from a Gaussian potential as in the Bosonic case [27] . In Ref. [27] it has been shown that the level function ∆ m A (ξ), which incorporates the finite-range corrections given by a Gaussian potential, is about the same for different potentials close to the unitary limit. Accordingly a Gaussian potential can be thought as a universal representation of potential models inside the universality window. Moreover, the level function ∆ m A (ξ) is unique for all Gaussian potentials, it does not depend on the particular range r 0 used for the actual calculations because, as shown in Fig. 1 , this parameter is just used to have a dimensionless scattering length and energy. This is an important point because the limit r 0 /a 1 → 0 can be read either as a 1 → ∞ or as r 0 → 0. In the limit r 0 /a 1 = 0 the unitary point coincides with the finite-range-regularized scalinglimit point and the dimensionless values of the binding momenta are the same for all Gaussian potentials. They are given in Tab. II for A = 3, 4 and m = 0, 1.
The uniqueness of the Gaussian-level functions and the fact that the Gaussian potential is an universal representation of potential models close to the unitary limit, allows us to use the Gaussian potential to predict the values of the energies at the unitary limit for real systems, which in principle are described by more realistic potentials. We proceed in the following way: from Eq. (2) we observe that the product κ * a is a function of the only angle ξ through the universal function ∆(ξ). This property is related to the DSI and it is well verified for real systems, which, close to the unitary limit, are well represented by the Gaussian level functions as given in Eq. (4). Therefore, the product κ 
where the universal Gaussian values of r 0 κ m A G are reported in Table II. We can apply Eq. (6) to predict the value of the threeand four-body energies at the unitary limit for nuclear physics. For the three-body case, the experimental binding energies of the deuteron, a B exp = 4.3176 fm, and of the 3 H fix the experimental value of the angle ξ to be tan 2 ξ exp = 3.81. Using the range value r 0 = 1.65 fm, this angle is reproduced by the Gaussian strengths V 10 = −64.96 MeV and V 01 = −37.4855 MeV, which corresponds to a deuteron energy of E 2 = −3.1858639 MeV, or, equivalently, a B /r 0 G = 2.1866. Using the Gaussian value of r 0 κ [38] ; with this value and that of the deuteron we obtain tan 2 ξ exp = 13.1, which can be reproduced using the Gaussian potential with V 10 = −66.4 MeV and V 01 = −37.36047 MeV that also gives a B /r 0 G = 2.0774. Using Eq. Table II , and it should be noted that predictions of the same order exist for A = 3 [10] .
In order to study further the close relation between the zero-and finite-range descriptions we look at the behavior of y(ξ) = e −∆(ξ)/2s0 /cos ξ In the following we study the six-body bound states as a function of the triplet scattering length along the nuclear cut; we expect a bigger deviation from the bosonic case because the totally symmetric spatial component cannot be anymore present; with only four internal degrees of freedom, the spin and the isospin, there are only mixed components. In the A = 6 case we distinguish two different states, one with quantum numbers S = 0 and T = 1, to which we refer to as 6 He even in absence of Coulomb interaction, and one with quantum numbers S = 1 and T = 0, to which we refer to as 6 Li. The results of Table I are reported in Fig. 3 ; clearly, we can observe the absence of these states close to the unitary limit. This is a big difference with respect to the bosonic case, where, for 6 ≥ A > 3 the A-boson system at unitary has two states, one deep and one shallow, attached to the A − 1 ground state [18, 35, 39] . Instead, the two fermionic A = 6 states are not bound below the 4 He threshold (at unitary the 4 He and 4 He+d threshold coincide since the two-body system has zero energy). This is clearly a sign of the absence of the symmetric component in the spatial wave function. From the previous discussion we notice the interesting result that, at the unitary limit, there is a mass gap for A = 5, 6. This gap continues to exist only for the case A = 5 at the physical point.
In fact, following the behavior of the A = 6 states from Fig. 3 we observe that, as the two-body system acquires energy, there is a point around r 0 /a 1 ≈ 0.07 in which 6 Li emerges from the 4 He+d threshold and, at r 0 /a 1 ≈ 0.2, 6 He emerges from the 4 He threshold. The difference in energy between the two states at this last point is of 2.64 MeV, of the order of the experimental mass difference; it becomes of the order of 5.14 MeV at the physical point. We can conclude that this is a subtle effect of the finite-range character of the force, as we are going to discuss in the next sections.
Finally, we investigate the universal character of the fermionic A = 6 states using Eq. (7). A linear behavior of the function y(ξ) indicates a behavior controlled by the scattering lengths and the three-body parameter. In Fig. 4 we plot the value of y(ξ), calculated using the A = 6 energies as a function of κ 0 4 a B ; the latter has been chosen because, at the unitary point, is the energy representing the threshold. We find a dominant linear relation close to the thresholds where the structure of the state is dominated by the 4 He. For 6 Li deviations from the universal behaviour appears close to the physical point whereas the 6 He energies follow nicely the linear behavior showing a strongly universal character.
III. THE PHYSICAL POINT
From the calculations of Table I we clearly see that the two-body potential Eq. (1) is too simple to describe the spectrum of light nuclei. On the other hand it captures some important aspects as the one-level three-nucleon spectrum, the E 4 /E 3 ratio and the A = 5 mass gap. As discussed in the introduction, the two-body Gaussian potential has to be supplemented with a three-body potential devised to reproduce the 3 H energy. This corresponds, in Efimov physics, to fix the three-body parameter or, following EFT concepts, the promotion to the LO of the three-body interaction in order to take into account the unnatural large values of the scattering lengths. Here we use an hyper-central three-body potential of the following form 
where r ij is the relative distance between particle i and j. In this potential there are two-independent parameters, the strength of the potential W 0 and its range We distinguish between the six-body state that has the quantum numbers of 6 He and the one with the quantum numbers of 6 Li. We also report the energy of the A = 4, which has the quantum number of 4 He, and represents the threshold for the 6 He, and the energy of 4 He+d which represents the threshold for 6 Li. In the present calculations the Coulomb interaction has not been taken into account. like the energy of the four-body system or the neutrondeuteron scattering length a nd .
In Table III we show selected parameters of the threebody used to reproduce the energy of 3 H. In the left part of the table we report calculations without Coulomb interaction; we observe the repulsive nature of the threebody force. Without Coulomb interaction 3 He is degenerate with 3 H and the four body state has an energy E 4 lower than the one of 4 He. Moreover, the four-body system shows an unphysical excited state E * 4 ; this is the universal Efimov aspect of nuclear physics: for each threebody state there are two attached four-body states. In the right part of Table III we show calculations where the Coulomb interaction has been taken into account. We observe that there are values of R 3 that allow to reproduce 3 He, and for these values, the description of 4 He is close to the experimental values.
The presence of Coulomb interaction makes the fourbody excited state disappear. From the table we select the best value of the three-body force, W 0 = 7.6044 MeV and R 3 = 3.035 fm, to follow the evolution of the 3 He and 4 He binding energies as a function of a smooth switchingon of the Coulomb interaction by means of a parameter . In Table IV we report our calculation as a function of and the same data are graphically represented in Fig. 5 . For = 0, that means no Coulomb interaction, there is only one three-body bound state and the universal twoattached four-body states. As the value of the Coulomb interaction grows to its full value, = 1, the degeneracy between the 3 H and 3 He is removed and also the value of the ground-and exited-state energy of 4 He start to change; for ≈ 0.75 the 4 He excited state goes behind 4 He; in order to see this, one should follow the state as it enters the continuum and mixes with it. Some preliminary studies do not support this picture, but there are some indication that the state becomes a virtual state. Just as an exercise, we can make a simple extrapolation; the result of such an exercise is reported in Fig. 6 , where the extrapolated energy is at −8.40 MeV, quite far from the experimental energy of the resonance (-8.0860 MeV).
To summarise this section, a simple Gaussian-potential acting mainly on L = 0 supplemented with a threebody force and the Coulomb interaction describes quite accurately the spectrum of light nuclei up to four nucleons. The emerging DSI, controlled by the values of the scattering lengths and the three-nucleon binding energy, strongly constrains the spectrum inside the universal window. Here we would like to see to which extent the energies of 6 He and eters. Though the thresholds are well determined, our observation is that the L = 0 force, even without considering the Coulomb interaction, is not able to bound the six-fermion system.
IV. RÔLE OF P -WAVES
From the previous discussion we have seen that the simple version of the nuclear interaction dictated by the Efimov physics is not enough to describe the six-body sector of the light nuclei spectrum. In this section we investigate the possible rôle of the two terms of the potential Eq. (1), V 00 , and V 11 , that in the previous sections have been set to zero. These terms contribute to the description of the P -waves through the antisymmet-ric condition (−1) (L+S+T ) = −1. At the two-body level the low energy P -wave phase-shifts can be described by an effective range expansion which, for single channels, is of the form
where 2S+1 P J is the P -wave phase-shift in spin channel S coupled to total angular momentum J, 2S+1 a J is the scattering volume and 2S+1 r J is the P -wave effective range. In Fig.7 the effective range function S k is shown for the uncoupled phases calculated using the AV14 nucleon-nucleon interaction [40] (circles) together with a fit for those results (solid lines). The linear behavior is well verified in this energy region and allows to extract the scattering parameters as given in Table V . 
P -wave phase shifts calculated using the AV14 nucleon-nucleon interaction. The points are the effective calculations, while the solid lines are fits to that data allowing to extract the scattering parameters, see Table V . From the above analysis we can observe that the interaction in channel S, T = 0, 0 is repulsive whereas the interaction in channel S, T = 1, 1 is slightly attractive in J = 0 wave. In the first case, we reproduce the scattering data with the interaction V 00 = +1.625 MeV r 00 = 4.03 fm ; (10) with this choice, even 1 P 1 phases are well described. The 3 P 0 phases are well described with the interaction
However the interaction defined in Eq.(1) cannot distinguish between the different two-body J-states. Accordingly, for the S, T = 1, 1 channel we use a Gaussian interaction with range r 11 = 3.35 and we allow variations of the strength around the value −3.857 MeV. We make one step further and we optimize the interactions in V 10 and V 01 to describe the L = 0 singlet and triplet scattering lengths and corresponding effective ranges. The choice for the potentials is the following 
The potential of Eq. (1) is now defined in the four S, T components and, as in the previous calculations, we introduce a three-body force to fix the value of the 3 H. We use two different range R 3 to explore how the six bodies depend on it.
In Table VI we report our calculations for different choices of the strength V 11 and the corresponding threebody strength W 0 . In all cases the binding energies of 3 He and 4 He are well described considering that the only charge symmetry breaking component of the force taken into account is the Coulomb interaction. It is interesting to notice that the inclusion of the very weak attraction in channel S, T = 1, 1 is enough to bind 6 He and 6 Li though their bindings are a little bit overpredicted (see first row of the table). By decreasing the V 11 strength it is possible to describe better the 6 He binding energy, as for example using the strength -2.5 MeV, but 6 Li remains overbind by around 1 MeV. This is a consequence of the lack of flexibility of the force defined in Eq.(1) to distinguish between the different states in the two-body P -channels. This can be achieved by a spin-orbit term which can remove the degeneracy between the three 3 P J phase shifts. In fact the present interaction predicts a difference 6 Li -6 He mass more or less constant, 1 MeV greater than the experimental value. In Fig. 8 the results for the six-body sector are represented; on top of each data we write the range of the three-body force we used. We observe a linear dependence of the energies with respect the strength of V 11 potential, while the different three-body ranges just shift the linear dependence.
V. CONCLUSIONS
The fact that the two s-wave scattering lengths, a 0 and a 1 , are large with respect the natural size of the NN interaction, locates nuclear physics inside the universal window. In this context is of interest analyze the spectrum of 1/2 spin-isospin fermions controlled by these two parameters. This very simplified picture has been studied in the first part of the present work up to six fermion using a Gaussian potential model with variable strength. Assigning values to the Gaussian strengths in the spinisospin channels S, T = 0, 1 and 1, 0 the two scattering lengths, a 0 and a 1 , were allowed to vary from infinite to Li as a function of the potential strength V11. The number on top of each point represent the value of the three-body range R3 that has been used. For the sake of comparison, we also draw the experimental values.
their physical values following a path, called nuclear cut, in which the ratio a 0 /a 1 = −4.3066 were kept constant. Considering only two-body Gaussians and disregarding the Coulomb interaction, the main results of this analysis are shown in Fig. 1 and Fig. 3 where the main characteristic of the six fermion spectrum can be seen. At unitary the A = 5, 6 nuclei are not bound from the A = 4 threshold. As the system moved from unitary through the physical point, the tower of infinite three-body states disappear with only one state surviving. At the same time the six-body system becomes bound, first the state having the 6 Li quantum numbers and then the state having the 6 He quantum numbers. Moreover all along the path the excited state of 4 He is bound with respect to the three-nucleon threshold. Though the values of the energies are not well reproduced using a two-body Gaussian interaction, the spectrum at the physical point is formed by one two-nucleon state, one three-nucleon state, two four-nucleon states and two six-nucleon states.
Two ingredients are missing in this analysis. The first one is trivial and consists in the inclusion of the Coulomb interaction. The second ingredient is dictated by EFT concepts and consists in the consideration of a three-body force. Accordingly, in the second part of the study we concentrate in the physical point considering those terms in the interaction. The main results are given in Table III where selected parametrization of the three-body force are shown in order to describe the triton binding energy. It should be noticed that considering the Coulomb interaction without including the three-body force or, vice versa, considering the three-body force without including the Coulomb interaction, produces a four-nucleon spectrum with two bound states. The three-and four-nucleon spectra go to the correct place after including both interactions. A detailed study of how the 4 He * excited state crosses the threshold to the 3 H-p continuum is given in Fig 6. Preliminary studies indicate that, with the simply interaction used here, the 4 He * excited state becomes a virtual state. Furthermore, when both, the Coulomb interaction and the three-body force, are taken into account the two six-fermion states become unbound.
The repulsive character of the three-body force, needed to fix the triton binding energy, produces a delicate cancellation between the different energy terms promoting both 6 Li and 6 He above the respective thresholds. In order to see how these two nuclei emerge from their thresholds, in the final part of this study, we extend the Gaussian potential model to include interactions in the spinisospin channels S, T = 0, 0 and 1, 1. The strengths and ranges of these terms have been fixed to reproduce the NN P -wave effective range expansion, as given for example by the AV14 interaction. Our observation was that a very weak attractive force in the S, T = 1, 1 channel is sufficient to bind 6 Li and 6 He, however with their mass difference overpredicted by 1 MeV.
The present analysis supports the picture of an universal window in which the light nuclear systems are located. To this respect the three control parameters, the two-scattering lengths and the triton binding energy, fix the spectrum of A ≤ 4 nuclei, explain the number of levels, the A = 5 mass gap and locate the A = 6 thresholds.
The very weak binding of the A = 6 nuclei below the 4 He and 4 He+d thresholds are due to a weakly attractive P -wave interaction. A more quantitative description of these weakly bound states necessitates the consideration of a more complex set of operators in the interactions as a spin-orbit force. For a similar analysis in the context of chiral perturbation theory we refer to the recent work [41] .
